In the light of challenges to sustainable development in the post-2015 development agenda, this study assesses how increasing carbon dioxide (CO 2 ) emissions affect inclusive human 
Introduction
Three contemporary trends in academic and policy circles motivate the positioning of this inquiry, namely: growing exclusive development in sub-Saharan Africa (SSA); poor energy and environmental management in the sub-region and gaps in the literature. We discuss the points in chronological order.
First, in the transition from the Millennium Development Goals (MDGs) to Sustainable Development Goals (SDGs), extreme poverty has been decreasing in all regions of the world with the exception of SSA (World Bank, 2015; Asongu & le Roux, 2017) . According to the narrative, the fact that close of half of nations in the sub-region were considerably off-course from achieving the MDG extreme poverty target is an indication that the fruits of economic prosperity accruing from the recent growth resurgence have not been trickling down to the poorest factions of the population. Obviously, this substantial and consistent trend of economic growth logically has a positive effect on the emission of green house gases which represent a veritable challenge to environmental sustainability.
Second, whereas a key theme in the post-2015 development agenda is environmental sustainability (Mbah & Nzeadibe, 2016; Akpan et al., 2015) , the consequences of climate change and global warming are projected to be most nefarious in Africa for at least three main reasons, notably: evolving energy crises; ramifications of climate change and mismanagement of energy and pollution crises. The points are expanded in chronological order. (i) The consumption of energy per capita in SSA is about one-sixth of the global average. Moreover, access to energy in the sub-region (which is limited about 5% of the population) is equivalent to the energy consumed in the single state in the United States, such as New York (Shurig, 2015) . According to Akinyemi et al. (2015) , energy crisis represent one of the most challenging policy syndromes in the post-2015 sustainable development era. (ii) Carbon dioxide (CO 2 ) emissions constitute about 75% of global green house gas emissions (Akpan, 2012) and according to projections, the corresponding negative ramifications of climate change will be largely felt in Africa (Kifle, 2008) . Such climate change is the direct consequence of growing and unsustainable consumption of fossil fuels, globally (Huxster et al., 2015) . (iii) Issues have been raised on the ability of decision makers to effectively manage energy crisis and challenges to environmental sustainability in most countries in the sub-region (Anyangwe, 2014) . A good example is Nigeria which addresses energy shortage by subsidizing petroleum fuels instead of using alternative sources of energy that are renewable (Apkan, 2012 ).
Third, this study engages how the concerns in the second strand affect the issue discussed in the first strand by investigating how CO 2 emissions affect inequality adjusted human development. Such a positioning steers clear of recent CO 2 literature which has fundamentally been articulated along the relationships between energy consumption, CO 2 emissions and economic growth. Two main strands make-up the corresponding literature: (i) the first strand documents the nexus between environmental pollution and economic prosperity with particular emphasis on the Environmental Kuznets Curve (EKC) 2 hypothesis (see Akbostanci et al., 2009; Diao et al., 2009; He & Richard, 2010) , whereas the second strand engages two sub-strands. On the one hand, we find studies on the relationship between energy consumption, pollution and economic growth (Mehrara, 2007; Olusegun, 2008; Akinlo, 2009; Esso, 2010) and on the other hand, the nexus between energy consumption and economic growth (Jumbe, 2004; Ang, 2007; Odhiambo, 2009a Odhiambo, , 2009b Apergis & Payne, 2009; Menyah & Wolde-Rufael, 2010; Ozturk & Acaravci, 2010; Begum et al., 2015; Bölük & Mehmet, 2015) .
Noticeably, the literature on the EKC has largely focused on the relationship between environmental degradation and per capita income. We complement the literature by assessing the reversed EKC hypothesis within the framework of inclusive human development. In essence, whereas in a standard EKC, per capita income explains environmental degradation, in this inquiry, environmental degradation explains inclusive human development. Accordingly, we argue that environmental degradation affects the three components of the inequality adjusted human development index (IHDI), namely: education, health and long life and income levels or living standards. First, from intuition, environmental degradation can directly affect the ability of parents to send their children to school, especially in the absence of good transport facilities and presence of atmospheric pollution (Currie et al., 2009) . Moreover, such atmospheric pollution can also affect the ability of pupils to study effectively in class (Clark et al., 2012; Sunyer et al., 2015) . Second, from a logical standpoint, environmental degradation or pollution also has a direct effect on the health and life expectancy of citizens (Rich, 2017; Boogaard et al., 2017) . Third, intuitively, environmental degradation can influence a family's income by affecting the ability of workers in a household to search for work and/or work effectively even when work is found (Zivin, 2011; Neidell, 2012) .
In the light of the above, the intuition motivating this study falls within the framework of theory-building because we intend to provide practical implications based on the results. In essence, we join a strand of recent empirical literature (e.g. Narayan et al., 2011) in arguing that applied econometrics should not be exclusively based on the acceptance or rejection of existing theories. This is essentially because an empirical exercise based on sound intuition may lead to theory-building, especially for a new phenomenon like the interaction between CO 2 emissions and inclusive development in the sustainable development era.
The above positioning departs from recent studies on environmental sustainability which has focused on, among others: linkages between development, environmental sustainability and conflicts (Fisher & Rucki, 2017) ; the relevance of normative beliefs on attitudes towards the environment (Wang & Lin, 2017) ; sustainable economic planning (Radovanovic & Lior, 2017) , the encouragement of sustainability in the work place (Saifulina & Carballo-Penela, 2017 ) and comparative environmental sustainability (Asongu, 2018) . It is important to note that the concepts of inclusive development and sustainability are linked in the view that for sustained development to be sustainable it must be inclusive and in order for inclusive development to be sustainable, it should be sustained (Amavilah et al., 2017) .
There are two main contending theoretical underpinnings on the role "massive production and over-use of environmental resources" on human wellbeing, namely the neoliberal and hegemony schools (Tsai, 2006) . With regard to the second school, environmental destruction and depletion of natural resources is a hegemonic project from industrialized countries and multinational financial institutions. According to Petras and Veltmeyer (2001) , "a world-wide crisis of living standards for labor" is expected from the process of globalization which emphasizes capital accumulation and pays little attention to more ethnical concerns such as environmental degradation. Such environmental degradation negatively affects human well being and promotes exclusive development, both at national and human levels. These theoretical insights are consistent with this study because we have seen in the previous paragraphs that the environmental degradation affects all dimensions of the inequality adjusted human development index used in this study, notably: education (Currie et al., 2009; Clark et al., 2012; Sunyer et al., 2015) , health and life expectancy (Rich, 2017; Boogaard et al., 2017) and income (Zivin, 2011& Neidell, 2012 .
Conversely, the neoliberal school or contending theoretical underpinning maintains that globalization and associated negative externalities such as environmental degradation are a force of "creative destruction" in the perspective that, they enable technological innovation and advancement in science with which such negative effects on human well being can be mitigated to produce overall positive effects on the economic development of nations (Grennes, 2003; Asongu, 2014) .
The rest of the study is structured as follows. Section 2 discusses the data and methodology while the empirical results are covered in Section 3. We conclude in Section 4 with implications and future research directions.
Data and methodology

Data
This study investigates a panel of forty-four Sub-Saharan African ( . The adopted periodicity is based on constraints in data availability and the motivation discussed in the introduction. Consistent with recent inclusive development literature on Africa (Asongu et al., 2015) , the inequality adjusted human development index (IHDI) is used as a proxy for inclusive human development. The human development index (HDI) denotes a national mean of results in three principal dimensions, notably: health and long life, knowledge and basic living standards. The IHDI goes a step further by adjusting the HDI to prevalent levels of inequality in the aforementioned three dimensions. In other words, the IHDI also takes into consideration the manner in which the three underlying achievements are distributed within the population.
Four main CO 2 emission variables are used, namely: CO 2 emissions per capita; CO 2 emissions from electricity and heat production; CO 2 emissions from liquid fuel consumption and CO 2 intensity. In order to avoid variable omission bias, four control variables are employed, namely: education quality, private domestic credit, foreign aid and foreign direct investment. With the exception of development assistance, we anticipate the variables in the conditioning information set to positively impact on inclusive human development. The quality of primary school enrolment is anticipated to positively affect the outcome variable because relative to other forms of education, social returns from primary education are higher when countries are at a tender stage of industrialisation (Asiedu, 2014; Petrakis & Stamakis, 2002) .
The positive association between education and inclusive development has been established in recent literature (Dunlap-Hinkler et al., 2010) . Moreover, education is a component of the IHDI. However, it is important to balance the narrative with the fact that in spite of an appealing pupil-teacher ratio, the quality of education may also be compromised by the lack of academic infrastructure. In the light of the construction of the pupil-teacher ratio, we expect a negative effect from primary education. This is essentially because an increasing ratio denotes decreasing quality in primary education.
Recent literature has also concluded that foreign aid decreases the inequality adjusted human development (Asongu & le Roux, 2017) . Furthermore, private domestic credit and foreign direct investment have been established by a broad stream of literature to positively impact on inclusive development partly because they create favourable conditions for unemployment reduction and social mobility Anand et al., 2012; Seneviratne & Sun, 2013; Mlachila et al., 2017) .
In the light of the above clarifications, the choice of control variables is motivated by both the available inclusive development literature and intuition on the constituents of the IHDI. For instance, whereas education as a constituent of the IHDI is justified by both the literature and intuition, the other control variables are justified by the engaged literature.
Further details on the definitions of variables and sources can be found in Appendix 1.
Appendix 2 provides the summary statistics. The correlation matrix is presented in Appendix 3.
Methodology
Three empirical strategies are adopted to control for specific characteristics. First, Fixed Effects (FE) regressions are used to control for the unobserved heterogeneity. Then, the bite on endogeneity is increased with control for persistence in the dependent variable by employing the Generalised Method of Moments (GMM) which accounts both for simultaneity using instruments and further controls for the unobserved heterogeneity using time invariant omitted variables. Last, the Tobit model is employed to control for the limited range in the dependent variable.
The panel FE model is presented as follows:  the error term.
Since we are employing an estimation technique that deals with interactive regressions, it is relevant to briefly discuss some pitfalls associated with interactive specifications. In accordance with Brambor et al. (2006) , all constitutive variables should be involved in the specifications. Moreover, in order for the estimated interactive parameters to make economic sense, they should be interpreted as conditional or marginal effects.
A plethora of reasons motivate the choice of an alternative system GMM estimation strategy, notably, it: (i) does not eliminate cross-country variations; (ii) controls for potential endogeniety in all regressors through instrumentation and accounts for the unobserved heterogeneity and (iii) mitigates potential small sample biases from the difference estimator (Asongu, 2013; Tchamyou et al., 2018) . Moreover, basic conditions for the use of the GMM strategy are also fulfilled, notably: (i) the condition for persistence is apparent because the correlation coefficient between the outcome variable and its first lag is higher than 0.800 which is the rule of thumb for establishing persistence in an outcome variable and (ii) the number of cross sections (or 44 countries) is higher than the number of periods in each cross section (or 13 years).
In this study, we adopt the Roodman (2009a Roodman ( , 2009b ) extension of Arellano and Bover (1995) which has been established to restrict over-identification and limit the proliferation of instruments (Love & Zicchino, 2006; Baltagi, 2008; Tchamyou, 2018) . Hence, the corresponding specification is a two-step GMM with forward orthogonal deviations instead of differencing. We prefer the two-step to the one-step procedure because the latter is homoscedasticity-consistent while the former controls for heteroscedasticity.
The following equations in levels (2) and first difference (3) summarize the standard system GMM estimation procedure.
where,  represents the coefficient of autoregression which is one in our case and t  is the time-specific constant.
It is relevant to briefly engage properties related to identification and exclusion restrictions because these are critical for sound GMM specifications. In accordance with recent literature, all explanatory variables are acknowledged as predetermined or suspected endogenous whereas only time-invariant variables are considered to be strictly exogenous. This identification strategy has been recently adopted in the literature (Boateng et al., 2018; Asongu & Nwachukwu, 2016a; Tchamyou & Asongu, 2017) . It is important to note that Roodman (2009b) has argued that it is not very likely for time-invariant variables to reflect endogeneity after first difference 4 .
As concerns exclusion restrictions corresponding to the identification process, time invariant indicators affect the IHDI exclusively via the suspected endogenous variables.
Furthermore, the statistical validity of the underlying exclusion restriction is examined with the Difference in Hansen Test (DHT) for instrument exogeneity. Within this framework, the null hypothesis of the DHT should not be rejected for the exclusion restriction hypothesis to hold, notably: that the time invariant variables affect the IHDI exclusively through suspected endogenous variables. Hence, in the findings that are reported in the empirical results section, the exclusion restriction assumption is confirmed if the null hypothesis of the DHT connected to instrumental variables (IV) (year, eq(diff)) is not rejected. This process of assessing the validity of exclusion restriction is similar to the standard IV procedure whereby, the failure to reject the null hypothesis of the Sargan Overidentifying Restrictions (OIR) test is an indication that strictly exogenous variables affect inclusive development exclusively via the suspected endogenous variable channels (Beck et al., 2003; Asongu & Nwachukwu, 2016b) .
Since the IHDI theoretically falls between 0 and 1, estimation by Ordinary Least Squares (OLS) is not appropriate. A double-censored Tobit model is employed to control for the limited range in the dependent indicator (Kumbhakar & Lovell, 2000; Koetter et al., 2008; McDonald, 2009; Coccorese & Pellecchia, 2010; Ariss, 2010) . This is the case with the IHDI because it has minimum and maximum values of 0.129 and 0.768 respectively.
The standard Tobit model (Tobin, 1958; Carsun & Sun, 2007 ) is as follows: 
where  is a non stochastic constant. In other words, the value of * ,t i y is missing when it is less than or equal to  . 
Empirical results
-0.004*** -0.011*** --- 2) The failure to reject the null hypotheses of: a) no autocorrelation in the AR(1) and AR(2) tests and; b) the validity of the instruments in the Sargan and Hansen OIR tests. na: not applicable because at least one estimated coefficient needed for the computation of net effects is not significant. The mean value of CO2mtpc: 0.901. The mean value of CO2elehepro is: 23.730. The mean value of CO2lfcon is: 78.880. The mean value of CO2inten is: 2.044.
Four principal information criteria are used to investigate if the GMM models are valid 5 .
In addition to the information criteria, it is important to note that the second-order Arellano and
Bond autocorrelation test (AR(2)) is more relevant as an information criterion than the corresponding first-order test because some studies have exclusively reported a higher order with no disclosure of the first order (e.g. Narayan et al., 2011; Asongu & Nwachukwu, 2016c) .
The following findings are apparent in Table 2 on GMM regressions. First, unconditional effects and conditional impacts are respectively negative and positive from CO 2 emissions per capita, CO 2 emissions from liquid fuel consumption and CO 2 intensity. This implies a U-shaped curve because of consistent evidence of increasing returns. Second, the corresponding net effects are overwhelmingly negative. Most of the significant control variables have the expected signs.
It is important to note that the findings in Table 1 are broadly consistent with the neoliberal theoretical underpinning discussed in the introduction because it anticipates that despite the negative effect of environmental degradation on human wellbeing, the overall or net effect will be positive on human wellbeing due to "creative destruction" and technological innovation. The theoretical underpinning is consistent with the findings because of the consistent positive net effects of environmental degradation on inclusive human development.
Conversely, the findings in Table 2 are more in accordance with the Hegemonic school because of corresponding net negative effects of environmental degradation on inclusive human development. The study leans more towards results of Table 2 because corresponding estimates are more robust. Accordingly, over-exploitation of natural resources, air pollution and environmental degradation have been associated with income levels that are below subsistence thresholds (Petras & Veltmeyer, 2001 ), owing to a contemporary global mode of production and distribution of resources and commodities that underestimate redistribution mechanisms of Keynesian Social democracy (Asongu, 2014) . The findings are therefore in line with Smart (2003) and Tsai (2006) (Asongu & De Moor, 2017, p.200) .
and human developments. These perspectives are consistent with Sirgy et al. (2004) on the negative consequences of globalization and Scholte (2000) on the benefits of globalization that favour the wealthy to the detriment of the socio-economically disadvantaged.
Socio-economic externalities can be observed from the perspective of income, health and education. In summary, if the negative net effect of environmental degradation on inclusive development is driven by all components of the inequality adjustment human development index (education, health and income), then the findings are consistent with studies which have established that environmental degradation is negative on income (Zivin, 2011; Neidell, 2012) , long life and health (Rich, 2017; Boogaard et al., 2017) and education (Currie et al., 2009; Clark et al., 2012; Sunyer et al., 2015) .
Concluding implications and future research directions
The purpose of this study has been to integrate three contemporary trends in policy and Given conflicting results, our best estimator is the GMM estimator. This is essentially because, compared to Fixed Effects and Tobit estimators, it accounts for the unobserved heterogeneity in terms time invariant omitted variables and controls for simultaneity in the explanatory variables by means of the instrumentation process. Hence by accounting for the unobserved heterogeneity and simultaneity, GMM estimators have more bite on endogeneity compared to competing estimators. In the light of this choice and justification, the implications of the study are contingent on the GMM results.
Based on the robust findings, the net effect of increasing CO 2 emissions on inclusive human development is negative. This implies that in the post-2015 development era, policy makers would have to work towards reducing CO 2 emissions that are potentially very detrimental to human development. This study has provided policy makers with the basis or empirical validity needed to substantiate their positions of and arguments for effective measures to be put in place in order to address the sobering policy syndromes of non-inclusive development and environmental degradation. The negative effect of environmental degradation on inclusive development can be dampened by leveraging on mechanisms such as information and communication technologies (ICT). For instance, ICT can save transportation cost and such savings can be ultimately used for health and education purposes due to an increase in disposable income. The corresponding less exposure to CO 2 emissions is also associated with more health benefits and long life. All the highlighted associated positive externalities from the use of ICT are components of the inequality adjusted human development index which is the outcome variable of this study. Moreover, the policy recommendation is consistent with the relevance of enhancing ICT for environmental sustainability .
Future studies can improve the extant literature by investigating whether the established findings withstand empirical validity within country-specific settings. Such idiosyncratic or country-oriented inquiries are relevant for more targeted country-specific implications.
Moreover, generalization of the findings will be contingent on future research that is positioned on other regions of the world in order to assess if the established findings in this study withstand empirical scrutiny. 
Appendices
